Brown adipose tissue (BAT) thermogenesis was assessed by measuring mitochondrial guanosine diphosphate (GDP) binding, cytochrome oxidase activity and oxygen consumption in ovariectomized (OVX) and sham-operated rats.
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The food intake and body weight of OVX rats increased more than those of controls and OVX rats became obese.
Mitochondrial GDP binding, as an indicator of thermogenic activity, cytochrome oxidase activity, as a marker of mitochondrial abundance, and mitochondrial respiration of BAT in OVX rats were significantly reduced compared with those in controls. And, also, even when OVX rats were restricted in food intake (pair-gained) to produce comparable changes in body weight with sham-controls, or matched in food intake (pair-fed) with sham-controls, these parameters in both pair-gained and pair-fed OVX groups were decreased markedly compared to those in sham-controls. As expected, body weight in pair-fed OVX rats increased significantly more than that in sham-controls.
In response to cold exposure, these parameters of OVX rats increased as much as those of controls did. These results suggest that reduced brown adipose tissue thermogenesis might be one of the important factors that are responsible for the development of obesity after OVX.
It is well known that ovariectomy (OVX) increases food intake and body weight (Kalkolwski et al., 1978; Beatty et al., 1975) and these changes can be inhibited or reversed by treatment with estradiol (Tarttelin and Gorski, 1973; Wade and Gray, 1978) . It is now recognized (Rothwell and Stock, 1979 ) that brown adipose tissue (BAT) is a main effector in diet-induced thermogenesis (DIT) as well as non-shivering thermogenesis (NST), and that a defect in or an absence of BAT thermogenesis would predispose obesity. To date, however, direct biochemical quantification of BAT function in OVX animals has been less substantial.
In this study, we tested the hypothesis that reduced BAT thermogenesis is one of the important factors in the development of obesity in OVX rats, by measuring the mitochondrial guanosine diphosphate (GDP) binding of BAT, which is a thermogenic indicator, the cytochrome oxidase activity and mitochondrial oxygen consumption. Lindberg, 1973 (Table 3) . Experiment 4: Body weight in the pair-fed OVX group increased more than that in the sham-operated group. The BAT weight and mitochondrial protein content in the BAT of the pair-fed OVX group did not change significantly. But, mitochondrial GDP binding in the pair-fed OVX group was reduced significantly compared to that in the sham-operated group (Table 4) .
Discussion
Brown adipose tissue (BAT) is now recognized to be a common effector of body temperature and energy balance regulation in small rodents (Trayhurn, 1986) . We have investigated whether the reduction in BAT thermogenesis is one of the important factors in the development of obesity in OVX rats, by measuring mitochondrial GDP binding, an indicator of BAT thermogenic activity, cytochrome oxidase activity and oxygen consumption. The results showed that OVX led to a significant increase in body weight accompanied with a concomitant hyperphagia, which were consistent with previous reports (Kalkolwski et al., 1968; Tarttelin and Gorski, 1973; Beatty et al., 1975; Wade, 1975) . As expected, body weight in pair-fed OVX rats increased significantly more than that in sham-controls. Furthermore, mitochondrial GDP binding in BAT of OVX rats decreased significantly compared to that of sham-operated rats. Cytochrome oxidase activity and mitocondrial oxygen consumption were also reduced in OVX rats compared with those in shamoperated rats. These parameters in non- (Table 3) . Experiment 4: Body weight in the pair-fed OVX group increased more than that in the sham-operated group. The BAT weight and mitochondrial protein content in the BAT of the pair-fed OVX group did not change significantly. But, mitochondrial GDP binding in the pair-fed OVX group was reduced significantly compared to that in the sham-operated group (Table 4) .
Brown adipose tissue (BAT) is now recognized to be a common effector of body temperature and energy balance regulation in small rodents (Trayhurn, 1986) . We have investigated whether the reduction in BAT thermogenesis is one of the important factors in the development of obesity in OVX rats, by measuring mitochondrial GDP binding, an indicator of BAT thermogenic activity, cytochrome oxidase activity and oxygen consumption. The results showed that OVX led to a significant increase in body weight accompanied with a concomitant hyperphagia, which were consistent with previous reports (Kalkolwski et al., 1968; Tarttelin and Gorski, 1973; Beatty et al., 1975; Wade, 1975) . As expected, body weight in pair-fed OVX rats increased significantly more than that in sham-controls. Furthermore, mitochondrial GDP binding in BAT of OVX rats decreased significantly compared to that of sham-operated rats. Cytochrome oxidase activity and mitocondrial oxygen consumption were also reduced in OVX rats compared with those in shamoperated rats. These parameters in nonobese OVX rats, pair-gained to exclude the effect of obesity, and in OVX rats pair-fed with sham-controls, also diminished signicontrols. This indicates that in OVX rats, there is a reduction in BAT thermogenesis even without obesity and hyperphagia, and suggests that diet-induced thermogenesis in OVX rats cannot be activated by overfeeding. This is also in accordance with other reports which showed that OVX led to a positive energy balance (Wade et al., 1985) and that ovarian hormones influenced BAT thermogenesis . Nonetheless, a recent report (Richard, 1986) showed that mitochondrial GDP binding of BAT in OVX rats was reduced mildly but not significantly, compared to that in shamcontrols. The difference between his study and ours remained to be defined. The main stimulus for thermogenesis in BAT comes from the sympathetic nervous system (SNS). The SNS activity in BAT is usually investigated using the standard norepinephrine (NE) turnover technique (Young and Landsberg, 1977; Vander Tuig et al., 1982; Bray, 1983, 1984b) . We have recently found a reduced NE turnover of interscapular BAT in obese rats after OVX , that is consistent with the results of the present study. Our previous observations with NE turnover and the reduced mitochondrial GDP binding reported here complement each other and together suggest that there is a generalized decrease in BAT thermogenesis in OVX animals.
The reasons are: (1) it contains many estradiol concentrating cells in the ventromedial hypothalamus (VMH) (Stumpf, 1970; Pfaff and Keiner, 1973) , (2) implants of estradiol in the VMH of OVX rats suppress body weight (Tarttelin and Gorski, 1973; Beatty et al., 1975; Wade and Gray, 1978) and (3) lesions of VMH in OVX rats attenuate the response to estradiol (Beatty et al., 1975 Stock, 1979, 1986; Himms-Hagen, 1985 as well as coldinduced thermogenesis (Trayhurn, 1986 
